A 13C nuclear magnetic resonance study of CO2/HCO-3 exchange catalyzed by human carbonic anhydrase I.
Rates of CO2/HCO-3 exchange, catalyzed by human carbonic anhydrase I (or B) at chemical equilibrium, were estimated from the nuclear magnetic resonance linewidths of 13C-labeled substrates. The results show that the maximal exchange rate constant is independent of pH in the range 5.7-8.0, whereas the apparent substrate dissociation constant depends on pH. Exchange proceeds rapidly in the absence of added buffers, and the addition of buffers has negligible effects on exchange rates. Exchange is equally rapid with 1H2O or 2H2O as solvents. Chloride ions inhibit CO2/HCO-3 exchange competitively. The maximal exchange rates obtained with human carbonic anhydrase I are 50 times slower than those obtained with human isoenzyme II (or C). From a comparison of the exchange kinetics with the steady-state kinetics of CO2 hydration and HCO-3 dehydration it is tentatively concluded that the transfer of H+ between active site and medium proceeds with rates of similar magnitudes in the two isoenzymes, whereas the central catalytic step, the interconversion of enzyme-bound CO2 and HCO-3, is much slower in isoenzyme I than in isoenzyme II.